Studies on alpha-adrenergic activation of hepatic glucose output. Studies on role of calcium in alpha-adrenergic activation of phosphorylase.
The role of Ca2+ ions in alpha-adrenergic activation of hepatic phosphorylase was studied using isolated rat liver parenchymal cells. The activation of glucose release and phosphorylase by the alpha-adrenergic agonist phenylephrine was impaired in cells in which calcium was depleted by ethylene glycol bis(beta-aminoethyl ether)N,N'-tetraacetic acid (EGTA) treatment and restored by calcium addition, whereas the effects of a glycogenolytically equivalent concentration of glucagon on these processes were unaffected. EGTA treatment also reduced basal glucose release and phosphorylase alpha activity, but did not alter the level of cAMP or the protein kinase activity ratio (-cAMP/+cAMP) or impair viability as determined by trypan blue exclusion, ATP levels, or gluconeogenic rates. The effect of EGTA on basal phosphorylase and glucose output was also rapidly reversed by Ca2+, but not by other ions. Phenylephrine potentiated the ability of low concentrations of calcium to reactivate phosphorylase in EGTA-treated cells. The divalent cation inophore A23187 rapidly increased phosphorylase alpha and glucose output without altering the cAMP level, the protein kinase activity ratio, and the levels of ATP, ADP, or AMP, The effects of the ionophore were abolished in EGTA-treated cells and restored by calcium addition. Phenylephrine rapidly stimulated 45Ca uptake and exchange in hepatocytes, but did not affect the cell content of 45Ca at late time points. A glycogenolytically equivalent concentration of glucagon did not affect these processes, whereas higher concentrations were as effective as phenylephrine. The effect of phenylephrine on 45Ca uptake was blocked by the alpha-adrenergic antagonist phenoxybenzamine, was unaffected by the beta blocker propranolol, and was not mimicked by isoproterenol. The following conclusions are drawn: (a) alpha-adrenergic activation of phosphorylase and glucose release in hepatocytes is more dependent on calcium than is glucagon activation of these processes; (b) variations in liver cell calcium can regulate phosphorylase alpha levels and glycogenolysis; (c) calcium fluxes across the plasma membrane are stimulated more by phenylephrine than by a glycogenolytically equivalent concentration of glucagon. It is proposed that alpha-adrenergic agonists activate phosphorylase by increasing the cytosolic concentration of Ca2+ ions, thus stimulating phosphorylase kinase.